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Xeport  of L a j o r a t o r y  Acceptance Tes t  for TIGRIS  

A l a b o r a t o r y  acceptarlce t e s t  f o r  t h e  TIGRIS system was 

conducted or? Sept2nber  17, 1964 at the RCA A s t r o e l e c t r o n i c s  

Div i s ion  p l a n t  near Fr ince ton ,  New ,?epsey9 a s  r e q u i r e d  by 

N a t i o n a l  h-erwnautics and Space Adminis t ra t ion  Cor,tractJ No. 

NAS -823. In_ a d d i t l o n  LO t h e  RCA s t a f f ,  P r o f e s s o r  T .  Gcid and 

Mr. S. Peale fraorn Cornell University and M r .  E.  O t t  f rom NASA 
W 

headquar t e r s  were p ~ e s e n ~ ,  i The test p m c e d u r e s  were set up and 

conducted r r z i r e l y  by :he RCA s t a f f ,  The r e s u l t s  of t h e  t e s t s  

are presen ted  below ir; fhe orde r  i n  which $hey were c a r r i e d  out. 

I. Pre l imina ry  % e s t  data  

A C a w r a  Pzwaxet-,em 

1 L5r.e~ Fer- F L G t u r e  - 500 (r,cn- Pr!tniilaces I l e s s  b lanking  ) 

2. Frame time - 2 seconds 

3.  Exposure tine - v a r i a b l e  i n  the fo l lowing  s t e p s :  

2 ,  4, 6, 8, 10 and 16 seconds 

4, Hor izon ta l  Scanning Rate  - 250 l ines / second 

5- Y o r l z o r t a l  Herrace - 6% 

6, ~ ~ p e c +  P S ~ ~ C  - 1 : l  

7. T i d e 0  Bar,dw'idth - 65 KC 



2 .  

B. L lgn f ;  b o x  c a l i b r a t i o n  

. 
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4. 

A f e w  minor c o r r e c t i o n s  were made i n  t h e  c a l c u l a t e d  columns t o  

make t h e  t a b l e  s e l f  c o n s i s t e n t .  

areas a r e  c o r r 2 c t  a s  g iven  f o r  these c o r r e c t i o n s .  Apparent ly  

t h e  s u r f a c e  b r i g h t n e s s  f o r  t h e  largest  a p e r t u r e  was e s t a b l i s h e d  

us ing  t h e  e a l i S r a t e d  p h o t o c e l l .  The c a l c u l a t e d  v a l u e  of s u r f a c e  

b r i g h t n e s s  f o r  a s m a l l e r  a p e r t u r e  i s  then  t h e  product  of t h e  

r a t i o  of the given. a p e r t d r e  a r e a  to t h e  l a r g e s t  a p e r t u r e  and 

t h e  brigh'.r.c.ss f OT the l a r g e s t  apertvure. The photocathode 

i l l u m i n a t i o r ,  1 i s  Zhen determined by t h e  g i v e n  formula.  

Maximum. er.r.ors appear  t o  be  about 15 to 2%. 

It was assumed t h a t  t h e  a p e r t u r e  

p? ? 

T k i s  IlghZ box c a l i b r a t i o n  i s  of cour se  v e r y  c r i t i c a l  i n  

t h e  e v a l m t t m  cf t e s t  r * e s u l t s .  A rough check of t h i s  c a l i b r a t i o n  

was made ' b y  assi2rnt.ng a 1ilnlinous e f f i c i e n c y  of 8 lumens p e r  watt 

i n p u t  f o r  t ,FLs  I C 0  w a t t  t i l i b  opera ted  a t  70 wat ts  and a 50% 

t ransniss i .or j  :for* 3acc.h cf t w c ,  shee ts  of Opal g l a s s  d i f f u s e r ,  

(The lun inous  eff:ciei?Gy fo?  100 w a t t  bul 'b opera ted  at f u l l  

power i s  abot l t  16 l umens  p e r  watt  i n p u t .  

and P h y s i c s )  j .  
-2 t h e  l a rges t  a p e r t u r e  of 1 .5  X 10  f t .  l amber t s ,  which i s  a f a c t o r  

2 .5  above the f i n a l  RCA c a l i b r a t i o n .  However, t h e  assumptions 

of 8 lurnerls p e ~  watt. and 50% t r ansmiss ion  f o r  t h e  Opal d i f f u s e r s  

could  easI.1.y h e  i n  ~ m c r  by a s u f f i c i e n t  amour,t t o  g i v e  t h i s  much 

discrepan.cy. 11-1 view of t h e  f a c t  t h a t  t h e  RCA va lues  for t h e  

i 1 l i m i n a t ; i . c ; c  ?hiere de te rmin . sd  by  an indepen.dently c a l i b r a t e d  photo- 

c e l l ,  the giver!  c a l i b y a t i o n  i s  p rcbab ly  s u b s t a n t i a l l y  c o r r e c t .  

(Handbook of Chemistry 

These va lues  y i e l d  a t e s t  p a t t e r n  b r i g h t n e s s  f o r  
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11. Informat ion  c a p a b i l i t y  v s .  i n t e g r a t i o n  t ime.  

By i n c r e a s i n g  i n t e g r a t i o n  t i m e  f o r  a g iven  l i g h t  l e v e l  more 

charge i s  accumulated on t h e  1/0 t a r g e t  w i t h  a r e s u l t i n g  i n c r e a s e  

i n  modulation of t h e  1/0 beam. 

l i n e a r l y  w i t h  i n t e g r a t i o n  time, but  t h e  f i n i t e  c o n d u c t i v i t y  of 

t h e  t a r g e t  a l lows  t h e  charge d i s t r i b u t i o n  to spread which r e s u l t s  

i n  a deg rada t ion  of t h e  s i g n a l .  The purpose of t h i s  t es t  was to 

determine the  e f f e c t  of t h i s  l a t e r a l  charge spread on the  v i d e o  

ampl i tude .  E l e c t r o n i c  ad jus tments  were avoided i n  t h e  test  by 

I d e a l l y ,  t h e  s i g n a l  should i n c r e a s e  

dec reas ing  t h e  l i g h t  l e v e l  by approximately a f a c t o r  1/2 f o r  

each doubl ing  of t h e  i n t e g r a t i o n  t i m e .  The t es t  p a t t e r n  used  i n  

the  test was a b a r  c h a r t  of i n f i n i t e  c o n t r a s t  which i s  t h e  same 

one used f o r  r e s o l u t i o n  s t u d i e s .  

I f  t h e  c a l i b r a t i o n  of the l i g h t  box g iven  i n  s e c t i o n  I 

i s  used., t h e  fo l lowing  t a b l e  d e s c r i b e s  t h e  d a t a .  The v ideo  

ampl i tude  i s  peak to peak measured on an  o s c i l l o s c o p e .  Through- 

ou t  t h e  t e s t  t h e  r e s o l u t i o n  remained a marginal 315 l i n e s  o r  a 

good 225 l i n e s .  The e n t r i e s  i n  t h e  last column of Table I1 a r e  

normaiizsd tz, 2.5 X 10 ft .-cl .-sec.  An a b s o l u t e l y  l i n e a r  

i n c r e a s e  i n  in fo rma t ion  w i t h  i n t e g r a t i o n  t i m e  i s  r ep resen ted  by 

-6 

a c o n s t a n t  v ideo  ampli tude i n  t h i s  column. The approximately 4% 

v a r i a t i o n  i n  t h e  f i g u r e s  of t h e  l a s t  column of t a b l e  I1 i s  wel l  

w i t h i n  t h e  e r r o r s  of t h e  l i g h t  box c a l i b r a t i o n .  The i n t e g r a t i o n  

c h a r a c t e r i s t i c . i s  t h e r e f o r e  almost l i n e a r  up t o  16 seconds i n t e -  

g r a t i o n  t i m e ,  which meets t h e  c o n t r a c t  requi rement .  
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XI.. S i g n a l  t o  n o i s e  r a t i o .  

The image o r t h i c o n  beam was s e t  t o  j u s t  d i s c h a r g e  t h e  high-  

l i g h t s  of t h e  b a r  c h a r t  t e s t  p a t t e r n  wi th  an i l l u m i n a t i o n  of 

1 .2  X loe5 f t .  candles  on t h e  photocathode. 

scan  or 2 second i n t e g r a t i o n  mode was used. Under these scan  

c o n d i t i o n s  the  peak t o  peak n o i s e  was measured on t h e  o s c i l l o s c o p e  

by e l i m i n a t i n g  a l l  l i g h t  from t h e  camera. The  l i g h t  was then  

r e a p p l i e d  and t h e  peak to peak s i g n a l  was measured on t h e  scope 

w i t h  a l l  ad jus tments  remaining i n d e n t i c a l  w i t h  t h o s e  of t h e  

n o i s e  measurements. The fo l lowing  r a t i o  was ob ta ined .  

The r e p e t i t i v e  

The formula 

i n  d e c i b e l s  i s  

Peak t o  Peak S igna l  - 3.5 
Peak t o  Peak Noise 1 

- -  

used f o r  c a l c u l a t i n g  t h e  s i g n a l  t o  n o i s e  r a t i o  

Peak t o  Peak S igna l  , , - -  
N log (Peak to Peak Noise) /6  

where 

Peak t o  Peak Noise Vol tage  
6 = rms noise voltage 

With t h i s  d e f i n i t i o n  of r m s  vo l t age ,  t h e  expres s ion  for S/N i s  

t h a t  g iven  by t h e  Radio and T e l e v i s i o n  Eng inee r s '  Reference Book, 
% {  

Y 

1 f o r  t e l e v i s i o n  a p p l i c a t i o n s .  Experimental  va lues  f o r  t h e  r a t i o  

1. E. Molloy Ed., George Mewnes LTD. 
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. o f  t h e  ampli tude range  between 3.4 and 4.5 2 . 

t h e  o s c i l l o s c o p e  alrd t h a t  t h e  measurement of t h e  n o i s e  was peak 

I t o  peak and hence tw ice  t h e  ampli tude,  t h e  above d e r i v a t i o n  of 

If a c c o m t  i s  t aken  
of t h e  f a c t s  t h a t  not q u i t e  t h e  h i g h e s t  n o i s e  peaks a r e  seen  on 

L 

I .  

I r m s  n o i s e  v o l t a g e  i s  reasonable .  App l i ca t ion  of t h e  above formula 

to t h e  measured r a t i o  y i e l d s  

s = 26.4 db N 

which exceeds t5e c o n t r a c t  s p e c i f i c a t i o r i  of 2 0  db by 6.4 db. 

I V .  H o r i z o n t a l  Reso lu t ion  Measurements. 

T h i s  t e s t  w a s  conducted w i t h  t h e  i R f i a i t e  c o n t r a s t  ba r  c h a r t  

. 

a s  the t e s t  p a t t e r n ,  where v e r t i c a l  l i n e s  or b a r s  were amanged 

i n  groups .  TWG a d j a s m t  groups of l i n e s  were s e p a r a t e d  from one 

a n o t h e r  by wide l .  s p a c i n s  Lhan appeared i n  e i t h e r  of t h e  two 

g roups .  T h e  d e n s i t y  of t h e  l i n e s  expressed a s  the number n f  

l i n e s  p e r  total h o r i z o n t a l  p i c t u r e  w i d t r l  v a r i e d  from a minimum 

of about  100 to a madmum of o v e r  600. The r e s o l u t i o n  f o r  a 

given l i g h t  l eve l  was then  determined by n o t i n g  t h e  l a s t  group 

of l i n e s  i n  t h e  d i r e c t i o n  of i n c r e a s i n g  l i n e  d e n s i t y  whicn were 

r e s o l v e d  i n  t h e  o s c i l l o s c o p e  t r a c e  of t h e  v ideo  s i g n a l .  The 

o s c i l l o s c o p e  was chosen f o r  t h i s  t e s t  i n  p l a c e  of t h e  monitor 

i n  o r d e r  t o  avoid confus ing  t h e  r e s o l u t i o n  of t h e  monitor  system 

w i t h  t h a t  of t h e  1 /0  camera. 

2 .  S. Goldman, Frequency Analys is ,  Modulation and Noise,  McGraw- 

H i l l ,  N .  Y. Toronto,  London, 1948, P. 245. 
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. 

A s  t h e  minimum i n t e g r a t i o n  t ime of t h e  system was 2 seconds 

while  t h e  cof i t rac t  s p e c i f i c a t i o n s  c a l l e d  f o r  one second i n t e g r a -  

t i o n  t imes  f o r  s p e c i f i e d  l i g h t  l e v e l s  t h e s e  s p e c i f i c  l i g h t  l e v e l s  

were approximately halved t o  compensate. The fo l lowing  t a b l e  

l i s t s  t h e  c o n t r a c t  requi rements  and t h e  demonstrated c a p a b i l i t i e s  

of t h e  system. 

TABLE I11 

High l igh t  Energy p e r  Un i t  Area o f  PC. Resolu t ion  

Con t rac t  Spec. Actua l  C a l l b r a t i o n  Cont rac t  Spec. Demonstrated 

500 l i n e s  550 l i n e s  

200 l i n e s  225 l i n e s  

-5 -5 

-7 -7 
1 x 10 f t . - e - s e e .  1.1 x 1 0  f t . - e - s e e .  

5 .0  x 10 f t . - e - s e e .  5 x 1 0  f t . - e - s e e .  

Table  I11 i nd icakes  t h a t  +,he system exceeds t h e  c o n t r a c t  r e s o l u -  
L .  ~ l u i i  s p e c i f l c a t i c n s .  

V .  Grey s t e p  measurements. 

. The t e s t  p a t t e r n  used f o r  t h i s  t es t  c o n s i s t e d  of 11 s t e p s  of 

0.1 n e u t r a l  d e n s i t y  p e r  s t e p  f i l t e r s  a r ranged  as shown i n  F igu re  1. 

F igure  1 



I -  10. 

The dimensions g iven  a r e  approximate,  bu t  i t  i s  r e c a l l e d  that  

t h e  t o t a l  l e n g t h  of t h e  p a t t e r n  was a l i t t l e  over  h a l f  t h e  t o t a l  
I -  

width of t h e  o p t i c a l  f i e l d  of about 8 inches  square  a t  t he  t e s t  

p a t t e r n  p o s i t i o n .  The c o n t r a s t  between ad jacen t  s t e p s  i n  t he  

s e r i e s  i s  g iven  by 

0 -0.1 
.26 10 - 10 - - 1 - .794 = 

794 lo-o. l  
0 -0.1 

.26 10 - 10 - - 1 - .794 = 

794 lo-o. l  

-6 
With t h e  l i g h t  l e v e l  s e t  f o r  5.6 x 10  f t - c a n d l e s  i l l u m i p a -  

t i o n  on t h e  photocathode f r o m  t h e  c l e a r  window of t h e  s e r i e s  of 

n e u t r a l  s t e p s ,  about 8 grey  s t e p s  could be d e t e c t e d  on t h e  monitor  

s c r e e n .  T h i s  de t e rmina t ion  was based on a c t u a l  b r i g h t n e s s  

d i f f e r e n c e s  between s t e p s ,  a s  an a t tempt  was made to e l i m i n a t e  

t h e  i n f l u e n c e  of t h e  l i r L e s  between a d j a c e n t  s t e p s  which were 

ev iden t  on the  monitor .  Examination of t h e  t e s t - c h a r t  i n d i c a t e d  

t ha t  these l i n e s  may have been caused by s c a t t e r e d  l i g h t  from 

t h e  edges of t h e  f i l m  s t r i p s  used f o r  t h e  n e u t r a l  d e n s i t y  s t e p s .  

The c o n t r a c t  i s  scmewhat vague a s  f a r  a s  t h e  g r e y  s t e p  

s p e c i f i - c a t i o n  i s  concerned. Although t h e  c o n t r a c t  s p e c i f i e s  t h a t  

I -  
! .  

t e n  s t e p s  be  d i s c e r n i b l e ,  whether t h e s e  s t e p s  be t aken  above a 

g iven  l i g h t  l e v e l  o r  below i s  not  s p e c i f i e d .  The t e s t  was conducted 

such t h a t  t h e  s t e p s  were taken below a 5.6 X 10 foo t - cand le  

photocathode i l l u m i n a t i o n  w i t h  t h e  r e s u l t  t h a t  8 d i s t i n c t  s t e p s  

were d i s c e r n i b l e .  Had t h i s  i l l u m i n a t i o n  been placed i n  t h e  

middle o r  n e a r  t h e  most dense end of t h e  g rey  s c a l e  t h e r e  would 

have been no d i f f i c u l t y  i n  d i s p l a y i n g  10 grey  s t e p s .  

-6 
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During t h e  g r e y  s t e p  measurements a h o r i z m t a l  band which 

was darker  t h a n  t h e  r e f e r e n c e  b l ack  l e v e l  of t h e  s c r e e n  extended 

on b o t h  sides of t he  h o r i z o n t a l  band of g r e y  s t e p s .  R o t a t i n g  

t h e  g r e y  s t e p  c h a r t  s l i g h t l y  i n d i c a t e d  t h a t  t h e  dark band was 

a s s o c i a t e d  w i t h  t h e  b r i g h t e s t  steps of t h e  g r e y  l e v e l  c h a r t  

and was t h u s  a f a i l u r e  of the DC r e s t o r a t i o n  c i r c u i t  t o  r e t u r n  

the  v ideo  s i g n a l  t o  t h e  c o r r e c t  b l a c k  l e v e l  a f t e r  t h e  b r i g h t  

spo t  encounter .  It was agreed by a l l  p a r t i e s  ccncerned t h a t  

t h i s  d i f f i c u l t y  i n  t h e  D. C .  r e s t o r a t i o n  c i r c u i t  should be 

c o r r e c t e d  b e f o r e  t h e  N e w  Mexico t e s t s .  

It i s  seen  above t h a t  t h e  TIGRIS system has s u c c e s s f u l l y  

met a l l  t h e  c o n t r a c t  s p e c i f f c a t i o n s  i f  t h e  discussion about  t h e  

g r e y  s t e p  measurements i s  kept  i n  mind. It i s  t h e r e f o r e  recom- 

mended t h a t  +,he system b e  accepted .  

-- 
1.. Gold, S c i e n t i f i c  Program 

D i r e c t o r  


